Photovoltaic power generation is one of the cleanest sources for producing renewable energy, however to date its up take on the Irish renewable energy market has been extremely low. Through research carried out on regions where these technologies are widely used and developed, this project investigates the feasibility of using photovoltaic systems to generate power under Irish climatic conditions. This involved a comparative investigation between solar insolation in Ireland and in regions currently using Photovoltaic systems. This projects main aim was to identify if photovoltaic systems were a feasible source of power generation for a sustainable community of 130 eco-friendly homes based on the fact that they are built to B1 energy rating standards. B1 implies an energy use of between 75kwh/m 2 /yr and 100kwh/m 2 /yr. Results showed that houses of 140 m 2 have a PV area requirements ranging from 20 m 2 -26 m 2 , while the larger live/work units of 195 m 2 have an area requirement of 27 m 2 -36 m 2 . While the communal solar park has an area requirement of 2665 m 2 -3553 m 2 without spacing, this however will differ when space requirements are calculated to prevent overshadowing. The results obtained prove that such systems are feasible, however may be dependent on governmental support or grants. The installation of such a system would not only provide benefits to the members of this eco-village through production of on-site energy, but also to national legislation relating to reduced CO 2 emissions and increases in the percentage share of renewables in gross national electricity consumption. The results suggest that this system could produce between 1431000 -1908000 kWh per year, enough to sufficiently supply the community, while producing excess energy for three-quarters of the year, while displacing between 283338 -377784 kg/ CO 2 /yr.
INTRODUCTION
This study aims to investigate the feasibility of using photovoltaic (PV) solar generation as a means of supplying a community, which aims to exist in a fully sustainable manner, with sufficient electric power. To complete this investigation, a hypothetical investigation will be conducted on the planned eco-village of Cloughjordan, Co. Tipperary, Ireland, which when fully completed will consist of 130 environmentally constructed friendly homes. This investigation will be carried out using secondary data relating to PV array and solar technologies, data collected on site relating to energy demands and community power requirements and also data obtained via Geographic Information Systems relating to solar insolation for this site. The over all objectives are to identify if the use of PV panels is a feasible system when all cost and expenditures are included. Also under investigation will be the possibility of exporting excess generated power to the national grid and the benefits this may produce for the community. Under investigation will be the use of a centralised solar park, to act as a community mini grid supplying homes on a metered basis. This will take in to account the energy demands of the houses in this community and identify the requirements in land area for such a project. Carbon dioxide reductions, due to production of renewable *Address correspondence to this author at the Biosystems Engineering Department, University College Dublin, Belfield, Dublin 4, Ireland; Tel +353 1 716 7418; Fax: +353 1 716 7415; E-mail: ger.devlin@ucd.ie methods. To aid in the process of adding variety and complexity to the village's new residential sector, all houses are designed by different architects. The overall master plan for the residential area is to maximise solar gains, while creating a link to the existing village. All buildings on site must adhere to the village's eco-charter, which has been developed by members of the village. This charter states that buildings should be highly insulated, make use of passive gains and renewable energy, minimise potable water consumption, reduce construction waste and use low embodied building materials. The homes currently under construction, and those already built have all employed various building methods and materials, including timber frame systems, various forms of hemp-lime construction and use of durisol block work, which consists of a mix of cement and wood fibre, to reduce a buildings overall carbon foot print. Adhering to the village's charter, all homes currently inhabited are highly insulated, and have a minimum Building Energy Rating Certificate of B1. A number of these homes have gone beyond SEI requirements for achieving Passive House standards, even though only one has been certified by the Passivhaus Institut. This super insulation of homes aims to further reducing their overall energy demands.
A one Mega-Watt (MW) wood-chip district heating system will supply heat and hot water to all homes on site. This system consists of two 500 kilo-Watt (kW) boilers, ran on wood-chip that will be grown in the village's woodlands and will heat water for a centralised 17,000 litre buffer tank. The district heating system was designed, supplied and installed by the Cork based company, Renewable Energy Management Service. This system comprises of nearly 4 km of Calpex pre-insulated piping, which will deliver water heated to around 60 0 C to an 800 litre super insulated buffer tank in each house. These insulated buffer tanks allow residents access to a constant supply of hot water preventing problems during peak demand. This also prevents the requirement of residents drawing hot water directly from the main supply, which would require that the system have a constant supply of hot water, therefore increasing the systems capacity. In addition to the 1MW boiler, a 506m 2 solar thermal array, will supplement heating demands, with the production of 480 -500 kilowatt-hours (kWh)/ m 2 / year. It is believed that this array will sufficiently supply the community's hot water demand during the summer months.
The Use Of Renewables For New House Design
The use of Renewable Energy Systems (RES) has become a very important concept since the publication of the European Unions (EU) 20 20 by 2020 package. This package, published in January 2008 proposes committing the EU to a 20% reduction in its greenhouse gas (GHG) emis-sions and to achieving a target of deriving 20% of the EU's final energy consumption from RES, both by 2020 [1] . Campoccia, et al. [2] in 2008 stated that such a package would help the EU improve upon their measures of environmental protection and sustainable development, while also making it possible to reach Kyoto targets. Campoccia also identified the goals set out in this package as being of a challenging nature that can only be reached with an effective RES incentive based policy and with an improvement in the efficiencies of these RES. A report carried out by Nomisma Engeria, 2007, [3] identifies, from a list of six RES, wind and PV as having the highest growth rate in the period from 1997 to 2005, and identifies these two technologies as being the most important in contributing a significant share to future global renewable energies. With this in mind, this study aims to investigate the possibilities of PV systems under Irish climatic conditions, investigating if lower sunshine levels here, will have a reduced effect for PV renewable energies.
SOLAR TECHNOLOGIES
Currently there are three forms of solar technologies employed to harvest the sun's energy or insolation; these include Solar Passive, Solar Thermal and Solar Photovoltaic technologies. This study will investigate Solar PV technologies only. Solar insolation is an infinite and untimely free energy resource that when utilised via high-technology systems can be converted in to usable electricity. Solar insolation is recorded as kilowatt-hours per square meter (kWh/m 2 ) (Energy, 2001), and includes both direct and indirect insolation reaching the earth's surface. Solar insolation provides approximately 10,000 times more energy to the earth's surface, than is consumed on an annual global basis. On average 1700 kWh/ m 2 is insolated to the earth per year [4] . Calculating the exact insolation for a given site can be difficult, due to the earth's rotating orbit around the sun, resulting in a changing angle of incidence between the solar insolation and that site on an hourly, daily and monthly basis [5] . Solar PV systems work on the basis of generating electric power by using semi conductor cells to convert solar insolation into electricity [6] . In Ireland, depending on location and solar insolation, a typical home may require between 3-5 solar panels of 1m 2 in size at 100% efficiency, to generate required power needs. PV modules are available in different sizes ranging from 30 to 120 kWp/m 2 (SEI, 2008) [7] . Overshading is defined by a SEI report (2008) [7] , as the percentage of sky over the PV system that is blocked by an obstacle. This report categorises overshading as being heavy, significant, modest and none or little, with each category given an overshading factor to convert from peak output to mean output. See Table   Table 1 [8] .
THE PHOTOVOLTAIC EFFECT
As previously mentioned, PV systems use the photovoltaic effect to convert light energy into electric energy. This occurs when sunlight shining upon on the PV cell is absorbed, transferring the light's energy to electrons in the atoms of the PV cell. These charged electrons then separate from the atoms of the semiconductor material in the PV cell, to become part of the electrical current, [9] . Semiconductors create an electrical field, capable of forcing the newly generated electrical current to an external load. This electrical field is created due to the material used in the make up of the semiconductors. Semiconductors possess two layers of different material. One layer of n-type semiconductor material, which has an abundance of electrons and a negative electrical charge and one layer of p-type semiconductor material, which has an abundance of holes and a positive electronic charge. Bringing these two semiconductor materials together creates a p-n junction, which is responsible for generating the internal electrical field [10] . This electric field results in the electrons moving away from the positive semiconductor towards the negative surface, and become available to the electrical circuit. Cardon, et al., (1981) [11] explains that at the same time as the electrons are moving, the holes move in the opposite direction, towards the positive surface and await incoming electrons.
PV cells use mainly visible light in the wavelength spectrum of 400 -780 nanometres. It is a common misconception that PV systems operate only in direct sunlight, and are therefore not suitable for use in temperate regions. This however is not true, although PV generation is directly related to the intensity of light energy, where greater solar resources provide for greater electric potential. PV systems use daylight, not direct sunlight to generate electricity, and there-fore are suitable for use in areas of low solar radiation, such as Ireland. When calculating the potential energy generation for a specific site, it is important to assess the total yearly insolation for full potential. PV systems maybe incorporated into or on to existing buildings, such as pitched roofs, or may be built on to frames for installation on flat surfaces. A report carried out by Bonham-Carter, 2003, [12] in the UK found that arrays work best when facing either Southeast or Southwest and with an elevation of 30-40°, as this is the direction and elevation with optimum exposure to the sun's rays. Solar cells respond to sunlight that is either direct or diffused. Diffusion of light occurs when light rays are passed through or bounced of a rough surface, such as clouds. According to the US Department of Energy (2009) [9], diffuse sunlight accounts for between 10-20% of the total solar radiation, even on days with clear skies, 50% on partly cloudy days and 100% on cloudy days.
PHOTOVOLTAIC POTENTIAL IN IRELAND
Research carried out by Met Éireann indicates that Ireland normally receives between 1400 and 1700 sunshine hours per year [14] . This research states that, due to our geographical position off the north-west of Europe and close to the Atlantic low-pressure system, which tends to keep Ireland in humid cloudy conditions, Irish skies are clouded over more than 50% of the time. Data obtained by Met Éireann shows that May and June, with averages sunshine durations of between 5 and 6.5 hours per day, are the sunniest months, while December with an average of about one hour is the month with least sunshine. Sunshine hours vary through the length of the country, with the extreme south-east receiving most sunshine, averaging over 7 hours a day in early summer and almost two hours in December. This data also states that on average, over the year sunshine hours vary between 3.25 and 3.75 hours per day [14] . Future prediction modelling on solar insolation carried out by the Fig. (1) . Schematic example of a solar Photovoltaic system [13] .
Community Climate Change Consortium in Ireland states that in 2055 and 2075, insolation levels will remain similar to what they are today. Data obtained from these modelling scenarios predicts that global warming will result in Ireland receiving 15% more rainfall during winter and a 20% reduction in summer rainfall, indicating that overall cloud cover is to reduce by 5% [15] . In comparison to sunshine hours received in some areas where PV technologies are currently operating, Ireland receives approximately 54% less hours of sunshine per year, compared to Serpa, Alentejo, Portugal, an ideal location which receives 3,300 hours of sunlight a year. This area has an 11-megawatt (MW) power plant in operation since March of 2007, covering and area of 60 hectares. In comparison with northern Germany, where a 100-hectare, 40MW solar park is nearing competition, Ireland receives approximately 10% less sunshine hours only. This comparison is made with the climate of the Leipzig region of northern Germany, where sunlight hours range between 1.5 hours per day in December and 7.7 hours per day in June and average sunshine hours are 1726 hours of sunlight per year [16] . Fig. ( 2) below, which shows the yearly irradiation and solar electricity potential of Ireland. From Fig. (2) it can be taken that the area of interest in this report, the village of Cloughjordan, which is situated approximately 60 kilometres North of Limerick has the potential to produce electricity in the higher scale of 1100 to 1150 kWh/ m 2 /year. The map in Fig. (2) shows the potential for solar electric generation for the whole of Ireland. The map indicates a potential generation of 1100-1150kWh/m2/yr. for the area of interest in this report. Using this information and combining it with the energy demands of a typical Irish house, it can be concluded that 5m 2 of solar panelling would be required to generate all the power needs for a typical Irish home. This is if isolation was uniform throughout the year. This calculation is based on average yearly irradiation using solar panels with 0.75 efficiency and with a true South facing orientation.
A typical Irish domestic home (three bedroom, four person occupancy) requires approximately 5,590 kWh of electricity per year [18] . Information obtained relating to the houses in Cloughjordan show that these houses, with an average size of 140 m 2 , and having a minimum BER of B1, will have an average yearly energy demand of 10500 kWh.
Ireland, having a seasonal variation of insolation will therefore have varying amounts of sunshine hours and insolation per month. This results in a need for greater area coverage during times of low insolation. The graph shown in Fig. (3) indicates the average monthly insolation for Cloughjordan. These figures were calculated using European Commission, Photovoltalic Geographical Information System (PVGIS) online PV calculator [17] . For these calculations a crystalline silicone roof mounted system was used. This system has 0.84 efficiency, with a 35° incline and -2° azimuth orientation (these figures were the optimum given by the calculator). Using these results and information obtained from a 2008 report, compiled by Sweeny et al., from The Department of Geography, NUI Maynooth, [20] along with information obtained from SEI, it has been possible to generate information on monthly energy demands of the typical Irish home. This information is conveyed in Fig. (4) . By using this information in conjunction with that obtained from the solar irradiation maps in Fig. (2) , along with information regarding energy demands for houses in the Cloughjordan development, it is possible to accurately estimate the space requirement per month needed to supply sufficient solar power to domestic homes.
Fig. (4) shows that in this area, as with the rest of Ireland insolation levels are greatest during summer month, reaching a high of 148 kWh/ m 2 in May and nearing this again in July. To supply sufficient power to meet a typical Irish home's energy demands during this period, with a 0.75 efficient system would require 2.39m 2 of solar panelling, based on results in Fig. (5) below. However, as previously stated, when power demands are greatest, insolation levels are lowest, requiring additional solar panels to meet demands. In this example the period of November to January has the lowest insolation levels, while also being the period of greatest demand. In this instance the same system would require 25.08m 2 of solar panelling, based on results in Fig.  (5) .
The graph shown above in Fig. (5) . shows that there is a considerable variation in potential energy production through out seasonal pattern changes. In the case of homes in the Cloughjordan development, homes are operated in a more energy efficient manner. With space and heating requirements being met with RES and immersion heaters and electric showers have been banned, and where a number of residents have opted to forgo use of tumble dryers, to reduce energy demands. This has resulted in energy-friendly homes, which have power demands per square meter of area significantly less that of a typical Irish home. Therefore these houses, on an area to area comparison, should be able to meet their energy requirements with a smaller area of solar panelling per square meter area compared to typical Irish homes. In this instance, where by the community has sufficient land available there is the possibility to develop a central solar park, which could generate solar power for the entire community, or those wishing to avail of it. With individual houses being supplied with solar power on a metering basis, and pay for their individual usage. This may be useful in meeting the communities demands, as not all homes will be demanding power during the same period. A centralised solar park also leaves individuals free to install panels on their own properties. Developments like this already have been employed, however mainly large scale systems only. These include projects such as the Mojave Desert Solar Parks, located in the southwestern states of The United States, where insolation levels are among the highest in the world. Here Solar parks have been in operation since the early 1980's.Currently there are nine solar plants with a combines output of 354 MW. In this area insolation levels reach between 2190-2555kWh/m 2 /yr. Similar projects have been constructed throughout Europe, with Germany, Spain and Portugal leading the way in term of project size. Germany is European forerunner in terms of solar technologies. As a result it is now in the process of completing the world's largest individual solar park, in Brandis, close to Leipzig in the Saxon region. This park, when complete will comprise of nearly 550, 000 PV modules and cover an area of over one million square meters (100Ha), with an estimated production capacity of 40MW. Calculation carried out for this area, using PVGIS calculations, identical to those carried out for Cloughjordan, yield very results similar. See Fig. (6) , for results. These results suggest that insolation levels in Ireland are sufficient for producing large levels of PV generated power. 
BENEFITS OF PHOTOVOLTAIC SYSTEMS
PV systems generate electricity from sunlight, an infinite and ultimately free energy resource, allowing for free electric generation, once initial capital cost of installation have been covered. Electricity generated via PV systems reduce the required amount of fossil fuel derived electricity, thus reducing GHG's and aiding in the global strive to reduce Climate Change. A study carried out by Alsema et al, 2006 , [22] states that technologies developed for PV systems are considered to be extremely environmentally friendly, with modern PV system in Southern European locations having an energy pay-back period of 1.5-2 years, with pay-back periods increasing somewhat in areas of lower insolation. This study states that with future development in PV technologies, energy payback periods are likely to decrease. PV systems also offer a number of practical advantages:
• No moving parts, therefore requiring minimum maintenance or additional cost. There is no noise generated, eliminating such problems as noise pollution, which has been associated with other RES, such as wind turbines.
• No emissions or pollutants are released during production, making PV systems one of the cleanest RES. Allowing for national targets and legislation to be met.
• PV arrays or panels are easy to install or incorporate into buildings, either during construction or in retrofitting. PV systems can be used to add design features to a building, or may be used in place of an expensive building material, offering a similar finish at a lower cost.
• Improvements in production technologies have resulted in extremely reliable systems, with life expectancies of over 20 years. PV systems are generally guaranteed for between 10-20years. With BP Solar, a global solar company, offering guarantees of up to 25 years.
• PV systems produce on site electricity, therefore no wastes are incurred via transmission. These systems also allow isolated areas or buildings to operate electrical equipment, with use of stand-alone systems.
• Where extra electricity is produced, the producer can sell this back to the main grid, once a grid connection and export tariff scheme are place, thus generating an income from the system.
• Houses on the domestic market are more attractive, increasing the over all energy rating and property valuation.
DISADVANTAGE OF PHOTOVOLTAIC SYSTEMS
The one major disadvantage of PV systems is the initial cost factor of installing and setting up these systems, however this may be off set through available grants. Another disadvantage to these systems is that they are still relatively new to the domestic markets and therefore experience of their abilities and their use with engineers, architects and installers, is quite limited. However as these technologies enhance and people become more aware of them, consumer interest should help reduce both system disadvantages. Already there has been a large decrease in capital costs with some systems costs falling by nearly 25% over a period of eight years [23] . One further barrier to the growth of this system is the fact that these systems do not operate at night. This is particularly problematic in high northern and southern latitude countries; energy demand is highest in winter, while availability of solar energy is lowest, resulting in possible power shortages in winter months and power surpluses in summer months. This however can be overcome through connection to a main grid, whereby surplus summer power can be sold and additional power may be purchased in winter.
SITE AND INSTALLATION REQUIREMENTS
As this community's overall ethos is to live in a sustainable manner, where by a majority of raw material and a native heating and energy resource is provided on the 67 acre site, the siting of the proposed solar park is important for this ethos to continue. The site must not impede upon the general site, reducing the area allocated for food and timber production. However, such a site has a number of important requirements so that maximum power generation is achieved. These requirements are similar to those required when installing a PV system on a building's roof. The site should be south facing of have a slight south-east or south-west orientation and should not be overshadowed by and obstacles which could prevent sunlight getting to the system and reducing its functionality. To prevent over-shadowing between the row of solar arrays, rows should be kept at a minimum of 4.8m apart. The chosen site illustrated in Fig. (7) has been chosen due to its location beside the main energy centre where the boiler is kept. This location is also divided from the main farming area to the north, so interference with food production in the main farming area is kept to a minimum. By positioning the solar arrays in the north east corner of this site, overshading from trees extending from the residential area is minimised. This site also allows for ease of installation of such a project.
PV MARKETS
Traditionally world energy demands have been met through fossil fuel resource, however, currently these resources are decreasing, while demand due to increased population size and industry, increases, resulting in a world-wide energy crisis. In a bid to reduce our reliance on fossil fuel and to develop a more sustainable energy future a number of new technologies and approaches are being developed. The European Union (EU) has become a forerunner in these developments. This fact is mainly due to the fact that the EU has become the world's largest importer of oil and gas for energy requirements [24] . 2007 seen the EU import 82 percent of its oil and 57 percent of its gas from third-party states [25] .
Securing an energy supply, which can be controlled nationally, has led the EU to committing itself to developing a more sustainable future. As of January 2009, the EU has engaged to increase and meet renewable energy targets of 20% of the total energ consumption, within the EU by 2020. This objective is set out in the EU's 20 20 by 2020 package. This package, published in January 2008 proposes committing the EU to a 20% reduction in its greenhouse gas (GHG) emissions and to achieving a target of deriving 20% of the EU's final energy consumption from renewables sources, both by 2020 [25] . The same proposal states that for this objective to be achieved Ireland must target for a share of 16% of energy from renewable sources in final consumption of energy in 2020, an increase of 12.9% over the share of renewable energy resources used in energy in 2005.
MARKET DRIVERS
Ireland, a nation with a limited indigenous fuel resource, coupled with an increase in industry and in population, has X Fig. (7) . Schematic of community plan. With solar park site marked with X. quickly become reliant on importing a high percentage of its energy requirement. According to Sustainable Energy Ireland (SEI), Ireland in 1990, was able to meet 32% of its energy requirements with indigenous resources, but has become even more dependent on importing energy resources as energy requirements increased and indigenous supply decreased, resulting in Ireland's import dependency reaching 90% in 2005 [26] . In a world where supply security is threatened and prices are volatile, we must look towards ways in which our energy demands are either reduced or produced natively in a sustainable manner. This move to sustainable supply will allow Ireland to move away from imported fuels and to reduce its use of native fossils fuels, which are adding to the global problem of climate change. Allowing for Ireland to achieve many legislative targets set out by the EU. The main legislation of concern in this matter is the Energy Performance of Buildings Directive (EPBD). The EU Commission adopted the EPBD into EU law in 2006. In developing the EBPD, the EU Commission identified the importance of buildings and their impact on present and also long-term energy consumption levels. In respect to this the Directive laid down a number of specific measures to ensure that all building in the future would meet EBPD requirements. Many of these requirements are mirrored in the eco-charter set out by the Cloughjordan Development. The passing of the EBPD required all EU governments to but in place the BER certification scheme, which now act as the main method for generating information regarding buildings' energy demand and carbon dioxide emissions.
One of the EU's primary goals is to reduce the consumption and wastage levels of energy. This move, to improve energy efficiency, will provide a useful target in a number of fields including security of supply and in meeting targets in carbon dioxide (CO 2 ) reduction, as set out in the Kyoto protocol. With up to 40% of energy being consumed in buildings [27] . The EU is looking towards ways in which energy, especially for the domestic market can be produced in a sustainable and reliable manner. In response to this the EU has put in place a number of drivers to promote renewable energy policies. These drivers include economic and environmental issues, but also consider social issues, all of, which have the potential ability to produce positive impacts from local through to global scales.
The drivers for renewable energy drivers within the EU, as describe in the 2003, Renewable Energy Policies and Market Developments report are described below.
Economic Drivers

Security of Supply:
The EU's high dependency on importing fossil fuels to meet its high energy demands, has left this society highly vulnerable to price fluctuations. The development of renewable energy sources with in the EU reduces this risk associated with external supply, while also increasing its own socio-economic stability. Another reason for security of supply comes in the realisation that a high percentage of fossil fuel comes from politically unstable areas, (45% of oil imports come from the Middle East and 40% of natural gas imports come from Russia).
Leading European Industry:
With an encouraging policy, the European companies may increase their market share and be able to take large parts of future world-wide business op-portunities in the renewable energy sector, allowing for Europe to become the leader in renewable energy supplies, thus stimulating the European economy.
Economical Optimisation: Economic optimisation of the energy supply is a major rationale when taking renewable energy options into account. This is especially true when taking into account energy supply to remote or inaccessible areas, where RES often provide a cheaper option that grid extension. Allowing for capital savings to be gained through the use of stand alone or decentralised energy supplies.
Environmental Drivers
Reducing Emissions: in the case of renewable energy (except biomass), there are no direct emissions from the energy conversion. Generally, the energy is generated from non-emission sources (wave, wind or solar energy). In the case of biomass or waste, emissions do exist, but these are limited according to legislation, providing an opportunity to "significantly reduce anthropogenic GHG's" [28] .
Reducing Climate Change: the emissions from biomass and waste are considered to alleviate the environmental pressure because of the closed short carbon cycle. Toxic emissions emerge in the same quantity or even larger quantities compared to fossil fuels, but at least no additional CO 2 is emitted into the atmosphere in the form of burnt fossil fuels. The CO 2 has been captured before, and would also be released through alternative routes as natural biodegradation or dumping.
Social Drivers
Employment: with an increase in this industry a number of new employment opportunities will be created, via both direct and indirect sources. This could include employment opportunities in manufacturing and installation of plants, and also in maintenance and fuel provision, in the case of biomass. It is very difficult to assess the impact of renewable energy policy and labour, but it is assumed that the overall effect on the European labour market will be positive with a proceeding penetration of renewable energy sources.
Social-economic cohesion: the renewable energy sector has potential to be developed in areas unattractive to other industry, helping areas which have previously suffered economically to develop and thrive. This may include cultivation of biomass crops in rural areas of development of solar parks in Southern countries, or wind farms in remote areas.
Public support: the subject of renewable energy is alive in Europe. This has developed through a greater public interest in sustainable life-styles, with renewable energy sources being considered an integral part of sustainability.
CURRENT MARKET STATUS
Traditionally Global Energy Markets shares have been lead by oil and gas production. Oil being the for-runner in this market. However the traditional trends have been evolving to where oil shares have been decreasing steadily over the past two decades, in favour of gas, hydro and renewables. In 2006 the Global Primary Energy Consumption was 15.8 Terawatts (TW). Of this 15.8 TW, fossil fuel accounted for 86% of the energy supply while renewables accounted for only 1% [29] . As realisation of the fact that fossil fuel resources are being exhausted, more and more attention is being given to renewable energy resources. This fact has seen the Renewable Energy Industry expand in recent years. In the twelve-month period between 2007 and 2008, the Renewables Global Status reports that the global power capacity from new renewable energy sources (excluding large hydro) rose by 16% in 2008 to reach a production capacity of 280,000 MW [30] . From renewable resources, wind and solar power production have received the most attention. Figures released by the Earth Policy Institute in Washington DC, shows that on a Global context, production of PV increased to 3,800 MW world-wide in 2007, up an estimated 50 percent over 2006. Growing by an impressive average of 48% each year since 2002, PV production has been doubling every two years, making it the world's fastestgrowing energy source (Brown, 2009 ). This growth has been attributed to a decrease in costs and prices of production and installation and also an increase in technologies and performance efficiencies. The US Department of Energy has stated that "Advances in technology and economies of scale, along with demand for solutions to global warming, have led photovoltaics to become the most likely candidate to replace nuclear and fossil fuels".
Germany has become the world's greatest consumer of PV electricity. In 2007 Germany consumed nearly 50% of global solar power production and has been steadily increasing its production capacities. Solar power now meets about 1 percent of Germany's electricity demand, a share that some market analysts expect could reach 25 percent by 2050.
BARRIERS TO IRISH MARKET
Currently in Ireland there is no national REFIT scheme available for the generation of PV solar electricity. However an alternative scheme is available for the exportation of PV electricity and this involves the connection of a microgenerator to the ESB network. This scheme, as described by the Electricity Supply Board (ESB), defines microgeneration as a source of electrical energy, which operates parallel to ESB Networks Low Voltage systems, which are rated up to and including: 6kW when the connection is single phase, 11kW when the connection is three phase.
Under this scheme, which started operating in 2009, ESB offers exporters of electricity a tariff of nine 9 cents per kWh exported. ESB are also offering a further support payment of 10 cents per kWh for the first 3,000 kWh exported annually. This payment will be made to the first 4,000 microgenerators connected in the next three-years and will be paid over a five-year period. Micro-generation covers small-scale generators where customers can generate their own electricity and export the surplus onto ESB Networks Low Voltage System subject to the above rated maximum output.
Examples of micro-generation technology given by ESB include:
• Wind-power • Photovoltaic
• Hydro
• Combined heat-and-power (CHP)
MATERIALS AND METHOD
The Cloughjordan development when completed will comprise of 114 housing units with an average area of 140 square metres, and 16 live-work units averaging 195 squared meters in area. As this development is not yet complete, and at the time of carrying out this project only a number of resident were occupied, all information regarding community demands was obtained by predicting demands. These predicted demands were obtained using information about the structural properties, BER certificates, average sizes and numbers of different units that will be present in the completed development. This information along with information obtained from the NUI Maynooth report, regarding typical monthly energy demands, was used to construct Excel spreadsheets detailing average energy demands per unit per year. These Excel spreadsheets examined each unit type and generated information regarding average size and using the minimum BER certificate of B1. This B1 rating has a range of 75 kWh/m 2 /yr to 100 kWh/m 2 /yr. To determine the size of the over all system, monthly requirements on each unit type over the demand range were investigated. This was achieved by working out the yearly demand per unit type. To do this the BER rating range was multiplied by the unit area size. These demand ranges are displayed in Table 2 . With the demand range identified, monthly demands were determined, this was achieved using information obtained from the NUI Maynooth report mentioned previously, from which monthly energy percentage demands were identified. These monthly percentages were used to determine the monthly demands for each of the unit typed in this development. This information is displayed in Table 3 below.
With this information generated, it was then possible to determine the area requirements per unit, from which an over all area requirement could be devised. This was achieved through divided into four seasons: Spring (March, April, May), Summer (June, July, August), Autumn (September, October, November) and Winter (December, January, February) and calculating the area required for a 2.10Wp system, operating at 86% efficiency without interference of overshadowing. Research carried out on PV systems identifies Kyocera modules to be most economical in terms of money and space, from this producer the Kyocera KD 210GH-2P is preferable. This system will be detailed in greater detail in a following section. To calculate the area requirement, the season with highest energy demands was investigated per unit size. This seasonal demand was investigated, as having the highest demand for the over all yearly requirements, means that in matching the demands during this season, will result in production of excess energy in other seasons, with the possibility of exporting this excess and generating a profit. This investigation looked at the demand range over the B1 BER rating. These demands are shown in Table 4 below.
From Table 4 it is seen that in this instance the season with the greatest demands is Winter, with a average seasonal demand range of 3871.08 -5161.45 kWh/m 2 for the smaller housing units of 140 m 2 to 5391.87 -7189.16 kWh/m 2 for the larger live/work units of 195 m 2 . For comparison between costs to installers, this investigation was carried out on both demands per individual units and for community demands. This allowed for investigations between costs to installers based on either installation of individual systems or installation of a community solar park system. To generate information on community demands, each unit size was multiplied by the number of those specific units in the development. When demands were generated per unit size, a total demand for the B1 BER range was identified by addition of the total demands for each unit size in the lower and higher range values.
From the above table, the overall demand range, shown in bold print has been obtained by addition of the total yearly demand from each unit type within the same BER range. Therefore the total equating to 1,413,000 kWh is obtained by addition of total seasonal demand of both unit types in the 75kWh/m2/yr. range. Likewise the total equating 1,908,000 kWh is obtained by addition of total seasonal demands of both unit types in the 100kWh/m2/yr. range. Table 5 also shows the community's winter demands as ranging from 527,573.5 -703,431.3 kWh.
As mentioned previously, to ensure sufficient energy supply through out the year, sufficient energy must be produced during the season with the highest demands. Therefore, to determine the required area of PV panels to sufficiently supply energy, the area requirements for supply winter energy demands was investigated. This involved investigating the potential energy production for Cloughjordan, which was achieved using the EU PVGIS online calculator. This calculator gives the monthly average sum of global irradiation per square meter received by the modules of the given system (kWh/m2). These results are conveyed in Fig.  (8) below. From these monthly averages, seasonal potentials for each of the four seasons were calculated. The above results were generated by entering the geographical co-ordinated for Cloughjordan in to the online calculator and choosing a 2.1 kW crystalline system. This calculator estimated combined losses form such a system to be 23.0%. From this 12.3% is estimated to be lost due to transmission, 3.1% estimated to be lost due to angular reflectance effects and a further 7.6% estimated to be lost due to temperature [21] . From Fig. (8) it was possible to devise a table depicting the seasonal potential for this system.
RESULTS
With all the above information generated the next process was to identify the cost and area requirements for such a system. To identify the area requirements the winter demands were divided by the winter potential. These calculations identifies the area as meters squared, and have been carried out for the over all community demands over the B1 BER, and also for each of individual units over the same BER range. With the area requirements identified, it is then possible to calculate the number of PV panels required and the over all cost of installing a system like this. The area requirements are conveyed in Table 7 , indicating area requirements for individual units and also for the community as a whole. From Table 7 above it is shown that the smaller units of 140 m 2 have an area requirements ranging from 20 m 2 -26 m 2 , while the larger live/work units have an area requirement of 27 m 2 -36 m 2 . While the communal solar park has an area requirement of 2665 m 2 -3553 m 2 without spacing, this however will differ when space requirements are calculated to prevent overshadowing.
The PV panels hypothesised for use in this system, the Kyocera KD 210GH-2P, has dimensions of 1500 x 990 x 36 mm, equating to a surface area of 1.485 m 2 . Research carried out on available PV systems identifies Kyocera modules to be most economical in terms of money and space. To increase the performance of such a system and to reduce space requirements, use of the Kyocera KD 210GH-2P is preferable. This unit has peak yearly output of 210 kWh. These poly-crystal modules are suitable for use in residential, public and industrial systems. The technologies employed by this processor produce a highly efficient polycrystalline pho- Fig. (8) . Average monthly energy potential for a 2.1kWp system, at Cloughjordan. This information regarding the size and cost of the modules was coupled with the area requirements to generate information on the over all number of modules required and the over all costs, for both individual and communal solar park installations. Using the area requirements for the individual units and the communal solar park, it was possible to determine the number of modules required to meet this requirement. This was achieved by dividing the required area by 1.485 m 2 , the surface area of the modules. The number of modules was then multiplied by 650, the cost per module, to generate the over all cost for installing the required amount of modules to sufficiently meet winter demands. These results indicate that for the smaller housing units of 140 m 2 in the lower demand range of 75 kWh/m 2 , 13 modules are required at a cost of 8,540, in this same demand range the larger live/work units require 18 modules, costing 11,700 in total. For the smaller housing units of 140 m 2 in the higher demand range of 100 kWh/m 2 , 17 modules are required at a cost of 11,050, while 24 module are required for the larger live/work units in this same demand range, costing 15,600. For the development of a communal solar park, the number of modules required ranges from 1794 to 2392, with total costs of modules equating to 1,166,100 to 1,554,800. If these costs were to be covered evenly by the 130 homeowners this would result in a cost range of 8,970 -11,960.
As previously mentioned, the arrays in the communal solar park are to be set out in rows 4.8m apart, so to prevent overshadowing. Therefore, to determine the required area for this development the module base length of 0.99m and the new width of 4.8m must multiply the number of modules required. This calculation gives the surface required to generate power without interference caused by overshadowing. The results for these area requirements are conveyed in Table 9 . With these new area requirements for the development of the solar park, the over all size of the required solar park equates to being in the range of 2.1 -2.6 acres. With the possibility of developing such a project, whereby 100% of winter energy demands are met using PV modules, this results in production of excess energy during other seasons. Although no scheme is currently in place for large scale generation of PV solar power for export, if this project were to qualify for the REFIT scheme, whereby 19 cents is paid per kWh for the first 3,000 kWh exported annually, and 9 cents per kWh over 3,000 kWh, this project has the potential to generate a yearly income of approximately 42,402 -81,815. These results are conveyed in Table 10 .
Not only has this project the potential to generate a yearly income, the production of PV solar power for this community, will reduce demand on the national energy provider, which currently uses a majority of fossil fuel technologies in the production of energy. Every kWh of renewable energy prevents the production of 0.198 kgs/CO 2 ; this equates to a yearly saving of approximately 283340 -377785 kg/ CO 2 /yr from this system. These figures are obtained by multiply the total yearly demand by the conversion factor of 0.198 kg/yr. of CO 2 for every kWh/m 2 /yr.
DISCUSSION AND CONCLUSION
If individual homeowner were to opt to install individual PV system on their own properties and considering all favourable conditions are met, property owners therefore have the potential to generate an income range from 794 -1133, depending on unit size and which scale range their property falls into. See Table 11 for the exact breakdown. In this instance of individual systems, CO 2 saving are in the range of 148 -178 kg/ CO 2 /yr for the smaller house units of 140 m2 and 183 -215 kg/CO 2 /yr. With total community CO 2 saving ranging from 283338 -377784 kg/ CO 2 /yr. If this project were to qualify for the Micro-generation scheme or similar schemes rewarding the production, the payback period from monies generated from exporting excess energy would be between 19 and 27 years for the development of a solar park, and between 11 and 13 years for individual installations. The lowest payback period is for the installation of the smaller PV system required to generate energy for a house in the lower scale of the B1 BER. The highest payback period is for the installation of the larger PV system required to generate energy for a live/work in the higher scale of the B1 BER.
Although the development of a communal solar park, may result in increased expenses, occurring due to the needs of additional equipment, such a frames, inverters and meters to record individual household usage, this system may work out to be most feasible in terms of energy production and CO2 savings. If this system were to be installed, a fair costing procedure, whereby cost incurred to those in smaller units is lower that those in the larger, more energy demanding units. This should make the project more attractive to those in smaller units, who are in majority in this development.
The development of a centralised solar park, whereby an on-site mini grid is the main source of energy for this ecofriendly community allows for adherence to the eco-friendly ethos governing this sustainable community development. Although this development requires a significantly large area of land, in the range of 2.1 -2.6 acres, the potential benefits receivable from such a development out weigh this loss of lands. By replacing this community's energy demand with renewable energy, up to 283 -377 T/ CO 2 / are saved each year. 
